Abstract. We use the presently observed number density of large X-ray clusters and linear mass power spectra to constrain the shape parameter (Γ), the spectral index (n), the amplitude of matter density perturbations on the scale of 8h −1 Mpc (σ 8 ), and the redshift distortion parameter (β). The non-spherical-collapse model as an improvement to the Press-Schechter formula is used and yields significantly lower σ 8 and β. An analytical formalism for the formation redshift of halos is also derived.
One of the most important constraints on models of structure formation is the observed abundance of galaxy clusters. Because they are the largest virialized objects in the universe, their abundance can be simply predicted by and thus used to constrain the linear perturbation theory. In the light of the new observations and the improvement in modeling cluster evolution, we revisit this application [1] , which has been extensively explored in the literature.
Based on the maximum-likelihood analysis, we first use the observed linear mass power spectra P (k) by Peacock & Dodds [2] (PD, combination of galaxy surveys) and by Hamilton, Tegmark, & Padmanabhan [3] (HTP, based on PSCz [4] ; see Figure 1 ), to estimate the spectral index n, the shape parameter Γ, and the amplitude of perturbations σ 8 in the parameterization of the standard model
. The results are shown in Figure 1 and Table 1 , with σ 8(I) = 0.78 ± 0.26 for IRAS galaxies. The degeneracy between Γ and n is clear, motivating us to find the theoretically expected 'degenerated' shape parameter Γ ′ = 0.247Γ exp(1.4n) = 0.220
−0.031 , which has a much more constrained likelihood. These results are consistent with the current constraints from CMB [5] .
Following a similar formalism as in Ref. [6] , we then derive the probability dis- [9] ), the last two of which incorporate non-spherical collapse . With specified n i (M), p z(i) (z), σ 8 , and the previously estimated n and Γ (or Γ ′ ), we can project the present cluster abundance of a given mass M into the space of formation redshift z, and then use the virial mass-temperature relation to associate this abundance with the virial temperature T that corresponds to the given M and z. An integration over T and z will give us a prediction of cluster abundance, which is a function of σ 8 . A comparison of this with the observation [10] will give the normalization of σ 8 . Combined with the σ 8(I) estimated earlier, it further yields the constraint on the redshift distortion parameter β I ≈ Ω 0.6 m σ 8 /σ 8(I) , which quantifies the confusion between the Hubble expansion and the local gravitational collapse [11] . Our results can be fitted by σ 
, where j =PS or ST+LS (see Figure 2 right ). The parameter values of these fits are given in table 2.
It is clear that the σ 8 and β I resulted from non-spherical-collapse models (ST and LS) are systematically lower than those based on the PS formalism, mainly owing to the larger mass function on cluster scales. A detailed investigation of the uncertainties in our final results shows that the main contributor is the uncertainty in the normalization of the virial mass-temperature relation. Therefore further improvement in this normalization will provide us with more stringent constraint on both σ 8 and β I . In addition, since we saw significant corrections in the resulting [12] for the abbreviations used in the figure legend). σ 8 and β I when switching from the PS formalism to the more accurate non-sphericalcollapse models, we urge the use of these models in all relevant studies, especially when we are entering the regime of precision cosmology. We acknowledge the support from NSF KDI Grant (9872979) and NASA LTSA Grant (NAG5-6552).
